TO THE EDITOR
The interactions between integrins and their ligands rescue normal and neoplastic B cells from apoptosis. In particular, adhesion-dependent cell survival has been observed for precursor B leukemia cells. Although cells isolated from most patients with pre-ALL undergo apoptosis when cultured in media alone, apoptosis is prevented in the presence of bone marrow stromal cells. Moreover, the prolongation of ALL cell survival is dependent on cell-cell contact signals between stromal and leukemic cells, with direct involvement of b1 integrins. 1 Disruption of the adhesion with mAbs against a4b1 on the malignant cell or VCAM-1 on the stromal cell leads to apoptosis of the leukemia cells. Similarly, adhesion regulates survival of B-lineage leukemia cells during chemotherapy. [2] [3] [4] Importantly, the integrin-dependent survival of leukemic cells in childhood ALL has been linked to the aggressiveness of the disease. 5 It is therefore important to determine the mechanisms of integrin-mediated survival for potential clinical impact. Several mechanisms have been proposed. Integrins modulate bcl-2 family members in pre-B ALL cells. 3 In AML cell lines, a4b1 integrin adhesion to fibronectin (Fn) leads to the activation of PI-3K/AKT with upregulation of bcl-2, which confers resistance to anoikis and drug resistance. Moreover, in a murine model, the combination of anti-VLA-4 antibodies and cytosine arabinoside conferred 100% survival, whereas chemotherapy alone had only a small impact. 6 In pre-B ALL, we recently demonstrated that b1 integrin stimulation inhibited caspase-3 and -7 induction, and increased the expression of XIAP and Survivin, two inhibitors of apoptosis (IAP) family members. 4 IAP proteins bind to and inhibit caspases. Most IAP proteins possess a Ring-finger motif at the C terminus, which confers an intrinsic ubiquitin ligase activity and promotes substrate-independent ubiquitination, upon apoptotic signals. 7 On the other hand, IAP can also ubiquitinate several substrates, such as caspase-3 and -7, protecting the cells from apoptosis. 8 Thus, apoptosis is controlled by a fine balance between the amounts of pro-and antiapoptotic molecules, regulated by degradation in the proteasome once ubiquitinated. In this study, we investigated the role of b1 integrins in the ubiquitination and degradation of these proteins.
REH (pre-B ALL) cells were cultured in a serum-free medium on Fn, a ligand for b1 integrin, or Poly-L-Lysine (PLL) used as a negative control to adhere the cells. Cells were first analyzed by Annexin-PI staining and analyzed by flow cytometry in order to assess the survival effect of integrin stimulation. As shown in Figure 1a and as previously reported, 4 integrin stimulation rescued pre-B cells from apoptosis. Experiments were then performed to compare the induction of XIAP and IAP2, two IAP family members, in integrin-mediated survival of human leukemia B cells. Cell lysates were analyzed by Western blot using anti-IAP2, XIAP or GAPDH antibodies. A clear decrease in the amount of XIAP and IAP2 proteins was observed at 48 h when the cells underwent apoptosis on PLL, but Fn stimulation allowed a sustained quantity of both proteins (Figure 1b) . Similar results were obtained with another ALL cell line (Nalm-6) (not shown). To confirm that the decrease observed was due to protein degradation, we next performed pulse-chase experiments. After metabolic labeling with 35 SMet/Cys, cells were chased on Fn or PLL for various periods of time. IAP2 was immunoprecipitated and analyzed by SDS-PAGE (Figure 2a ) and densitometry analyses (Figure 2b ). The amount of IAP2 protein was clearly decreased (B50%) when the cells were cultured on PLL but a sustained amount could be maintained upon integrin stimulation. As a control, caspase-7 was also immunoprecipitated from the same samples and analyzed. Caspase-7 level was decreased more rapidly on Fn than on PLL, although to a lesser extent (Figure 2 ), indicating that these two proteins were indeed differently regulated by integrin stimulation. We further analyzed the relative amount of mRNA by quantitative PCR but no major change was observed for IAP (not shown) confirming the post-translational regulation of these proteins. Caspase-7 mRNA was upregulated on PLL, confirming our earlier findings, 4 indicating that caspase-7 was regulated both at the mRNA and protein level.
Since both IAP and caspase expressions are regulated by ubiquitination and proteasomal degradation, we then investigated if indeed the proteasome was involved using MG132, a specific proteasome inhibitor (Figure 3 ). Cells were first stimulated with Fn or PLL for 18 h before adding MG132. Cells were then lysed after 8 h before any toxicity was observed. IAP2 and XIAP proteins, as well as GAPDH as a control, were analyzed by Western blot (Figure 3a ) and densitometry analysis (Figure 3b ). MG132 treatment stabilized the level of IAP2 and XIAP in PLL-treated samples, indicating that these proteins were degraded by the proteasome when cells were cultured in the presence of PLL and underwent apoptosis, as expected. However, similar amounts of IAP proteins were detected with or without MG132 treatment when the cells were cultured in the presence of Fn. This result suggests that integrin stimulation acts upstream of the proteasome. This could suggest that integrin stimulation inhibits the targeting of these IAP proteins for proteasome degradation. We therefore analyzed the ubiquitination profile of these proteins (Figure 4 ). Cells were cultured on Fn or PLL for 2 days in the absence of serum (Figure 4a ). Cell lysates were immunoprecipitated with anti-IAP2 or anti-XIAP antibodies and revealed with anti-Ubiquitin and anti-IAP2 or XIAP antibodies after stripping. Since XIAP migrates very close to the heavy chain (Hc) of the antibodies, a control immunoprecipitation with an irrelevant Ab is also shown (IpC). More polyubiquitination of both IAP2 and XIAP was detected on PLL than Fn, after serum deprivation, confirmed by densitometry analysis of the Fn/PLL ratio. Therefore, both IAP2 and XIAP underwent ubiquitination when the cells entered apoptosis induced by serum deprivation, but Fn stimulation significantly inhibited this process. To assess the specificity of the regulation, we also analyzed the ubiquitination of the proapoptotic caspase-7, which is degraded more rapidly on Fn than PLL (see Figure 1) . Immunoprecipitated caspase-7 was also analyzed by Western blot using antiubiquitin and caspase-7 antibodies (Figure 4a) . Inversely, increased caspase-7 ubiquitination was observed when the cells were cultured on Fn as compared to PLL in the absence of serum for 2 days. Since ubiquitinated proteins are in most cases targeted for degradation into the proteasome, the role of the proteasome was then assessed by using MG132. Cells were stimulated by Fn or PLL for 18 h before adding MG132 and lysed after 8 h (Figure 4b ). XIAP (left panel) and caspase-7 (right panel) were immunoprecipitated and analyzed by Western blot with antiubiquitin and anti-XIAP or caspase-7 antibodies. The treatment by MG132 led to an enhanced ubiquitination profile, suggesting that the ubiquitinated proteins were indeed degraded by the proteasome. Again, and to a higher extent, Fn stimulation decreased the amount of XIAP ubiquitination as compared to PLL condition, while it increased caspase-7 ubiquitination demonstrating a specificity of this regulation.
Altogether, our results show that integrin stimulation prevents apoptosis of precursor B leukemia cells induced by serum deprivation (and chemotherapy drug-induced apoptosis, not shown) in several ways, and complement our former results. 4 First, integrin stimulation enhances the amount of antiapoptotic proteins from the IAP family members. Second, to further control the levels of these proteins, integrins regulate their proteasomal degradation by controlling their level of ubiquitination. Although more studies will be needed to understand how integrins regulate the ubiquitination process, as stromal cells provide survival signals to leukemia cells through integrinmediated adhesion, interference with adhesion and interruption of the signal cascade initiated by integrins may be targets of novel strategies to treat these diseases. Indeed, the understanding of the well-defined mechanisms controlling apoptosis might provide future therapeutic strategies to modulate the survival of neoplastic B cells. AA was partly supported by CNRS, France. We thank Dr Hamid Band (Boston, MA) for helpful discussion. 
